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ABSTll^CT 


A laborn,tory nodel of a new deaign of solar pump has 
been developed and tested after reviewing the existing 
designs. The pump works on the thermodynamic Rankine 
cycle using .an organic fluid (Methyl Alcohol) having low 
boiling point. The superheated vapours of the fluid are 
generated in a st.ationary !/inston concentrator specific- 
ally di. Signed for the purpose. The vapours push a liquid 
piston of turpentine oil in the pump cylinder, which 
directly forces water from an L - shaped pipe, connected 
to the working cylinder, to rise in ,a delivery pipe 
through a non-retum valve. The vapours, when exhausted in 
a condenser, produce a partial vacuum in the cylinder 
causing suction of fresh water from a w?,ter source throu^ 
another non-retum valve. 

The simplified design of the pump eliminates the use 
of a conventional engine and the mechanical pumping device. 

Experiments performed on the pimping system prove the 
feasibility of the idea very well. The prelimi n ary tests 
in the laboratory show a discharge of about 75 litres of 
water per hour through a head of about 6 metres. The 
details of the experimental set up and the test results 
are given in the ensuing chapters. 


X. 


CHAPTER- I 

niTRO DUCT ION 

It is well recognized that the world fossil fuel reserves 

are getting exhausted at a fast rate and severe shortage of 

these fuels is foreseen in not too distant a future? rather, it 

is already being ex^jerienced in some of the most developed 

and industrialized nations and there is a fear that it may 

soon create intolerable, economic and environmental problems. 

Eurthennore, pollution caused by the use of fossil fuels has 

created health problems resulting in the demands for pollution- 

free sources of energy. Thus, there is a need to look for 

alternative energy sources which are virtually inexhaustible 

and pollution-ffee. 

( 

Although geothermal energy, solar energy, wind energy 

and energy from the tidal waves are such major alternative 

energy sources, we shall concentrate here on the use of 

SOLAR ENERGY which is received by the land areas of the globe 

to the extent of about 2x10^"^ Ir.:li/yr. and is well in excess of ^ 

IS 

the total energy of 5x10 consiimed by mankind in 1970. 

In India, which lies in the latitude range of - 37'^R, 
the solar energy is available in abimdance throughout the 
year (about 4*5 kx-rh/m^/day in w^ter and about 7*0 kwH/m^/day 
in summer) and it, therefore, seems to be an ideal source of 
energy for many of the applications. 
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There are three problems in harnessing the solar energy: 

1. It is not available continuously throughout the day andtbe. 
year in almost all parts of the world and does not exist 
at all during the night. This necessitates the use of 
some storage device, 

2. The intensity of solar energy falling on earth is cLUite 
low (solar constant being 2*0cal./cm^-min, ) . 

5. As of now, the initial cost of any solar device is 

comparatively higher as compared to the conventional 
devices . 

Thus, in order that the solar energy be of use to 
mankind effectively, it must be harnessed efficiently and 
economically. 

Knowing that the solar energy available at a particular 
location during the day is periodic in nature, it fir use for 
periodic needs will be greatly successful as it does not pose 
the complex energy storing problem. Pumping water using 
solar energy is one of such examples. 

Although, at present, the solar pumping systems can not 
compete with the conventional p\jmps driven by the gasoline 
engines or electric motors, they can find a place, however, 
where cheap fuel is not available and the electric power 
can not reach at all. At such places, low capital invest- 
ment, simplicity of operation and maintenance and the 
availability of cheap labour are required to instal solar 
pumping systems. 
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1* 1 EBVIE¥ OP PHE7IOUS IJOEE 

J?lie eai*ly' -recorded evidence of a successful attempt of 
utilizing solar energy for ^water pmaping, dates tack to 17tli 
centu:^y r with. th.e deve'lbpment of a first 'solar pump in Prance 
hy Solomon de'Caux [l] in I6l5, ns iftg- expansion of air, heated 
' by solar - energy in raising water. However, a systematic record 
_ of developments is' available ffom the -later half, of 19th 
century .August Mouchat^'s [1] work 'in'''‘Prance between l@66-72 
describes a solar pump which operates a reciprocating or 
rotative p^mp with steam engine driven by steam, generated 
from a-- conical concentrator, John Ericsson [1] in New York 
started working in this .area., in the year 1868 using series of 

X 

parhbolic troughs,* Several successful- hot air engines were 
developed' and in -.1883, an. engine jising steam or air as working 
medinm to' op^ra^ts a 5' ‘ diamete^c force pump was introduced, 

' 'J. /• ' 

^ or. 'iirst steam, engine in India operated by solar heat, used 
;^r pumping purp'cTses, is reported to have been developed in 
1876 by N, Adams [l] in Bdmbay which -used a 40 feet diameter 
' hemispherical mirror as concentrator to generato.v the ' Steam, 

,4-, series ‘of siinilar. developments fellow^ --alter it, 

.. . -i 'Development of^ 11 H,P, compound condensing steam engine 
by the party of Boston Inventor [2] utilizing a ‘ big truncated 
cone with a clocki^operated sun tracking me chaniS 9 i..'Sfa§g^;re ported 
pi 1901 which, by.. .connecting a centrifugal pui?p^,^ gl^ped ^-1400 
. gallons/min, of water- and de-yeloped, H*P. 

r ^ • 
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An excellent review of the salient contribution in develop- 
ing solar engine to be used for water pumping has been given 
by Richard C. Jordan ^Warren E. Ibele [l] till 1955. It also 
mentions about the solar power plant developed by Shuman and 
Boys! and the hot air engine operating a water pump, by M,l, Ghai 
and M.L. Ehanna at Rational Physical Laboratory New Delhi [1,5]. 
Paraboloidal concentiators of different sizes have been used 
to concentrate the sun energy. 

The general trend in all the above mentioned works has 
been primarily to develop a solar engine either working on hot 
air cycle or using steam as a working fluid. The coupling of 
any conventional water pump with this engine made utilization 
of solar energy for water pumping purposes, 

H.E, Willsie and John Boyle Jr,[l] run a 20 H.P. slide 
valve engine by using a low boiling point volatile working 
fluid like SO 2 , NH^ or ether, A centrifugal water pump was 
operated by this engine using SO 2 vapours which were generated 
in a fire tube boiler kept in shallow water basin with double 
glazing cover used as solar energy collector, 

J,P. Girardier and H, Masson's [4] work differs in a way 
that it introduces a new type of pumping system. The pump can 
be lowered inside a well and is operated by hydraulic pulses 
transmitted to it through a control pipe from the hydraulic 
ram, run by turbine. Here also, the heat collected by flat 
plate collectors from the solar energy is used to generate hi^ 
pressure Vapours of methyl chloride which run the turbine, 

E*A, Bonaventura and V.E, Pijrmtom [5] invented a solar 
pumping device working on the principle that if the temperature 
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of a liquid in a closed container is raised, the same liquid 
can he lifted to a height due to the pressure generated hy itS' 
vapours. The system consisted of a concentrator with sun 
tracking mechanism, a lens system and four boilers. One of the 
boilers is preheated by the lens system. It is reheated by a 
concentrator which causes to generate pressure inside the 
boiler and, thus, the water inside the boiler is lifted. On 
the condensation of steam inside the boiler, the vacuum is 
created and this sucks water inside the boiler. 

In another solar-water pumping system, developed in 
1885 [l], is boiled in a flat plate collector and pressxire 
thus created is applied on one side of the diaphragm contained 
in the sphere located in the tank. The other side of the 
diaphragm acts as a water piimp. The details of the work are 
not available, however, in principle, the device seems to be 
of significant importance due to its simplicity. It eliminates 
completely the need of any mechanical engine or conventional 
pump. On the same principle, D.P, Rao and K,S. Rao [6] have 
developed and tested two versions of a solar pump - the air 
cooled and water cooled, hy selecting pentane as a working 
fluid. Plat plate collectors are used to generate vapours. 
These vapours directly press the water in a closed tank located 
inside the well below the level of the water table to raise 
it throu^ a delivery pipe. On condensation of ^pours, in 
the other half of the cycle, the water enters the water- tank 
due to its own weight, 

C. West [7] presented a theoretical analysis of the 
fluidyne heat engine with experimental verification of the 
feasibility of the system using small valve -less models. The 
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engine works on Stirling cycle and kas no moving parts. The 
volume change and phasing are achieved hydraulically. The hot 
cavity volume change leads the cold cavity by an angle less 
than 180 . The pressure change has a component in phase with 
the velocity of output column which can be used to over-come 
viscous friction in the output tube and to pump the water. Some 
of the available power output is used to maintain the amplitude 
and phasing of the liquid against viscous losses. The Tirum 
efficiency achieved experimentally is with the value- 

less model. 
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1»2 PEBSEIIT UOSE 

The solar p-uunping systems discussed so far possess 
either few or all of the following drawbacks: 

1, use of concentrators with expensive and cumbersome sun 
tracking mechanism, 

2, requirement of both a prime mover and a pump, 

3* difficult and expensive maintenance and operation of the 
system, 

4. low Carnot cycle efficiency of the system in cases where 
flat plate collectors have been used, 

bulky and complicated system and 

6. hi^ initial cost. 

The present work is motivated to over-come most of the 
above shortcomings. This has been achieved in the following 
manner; 

1, A stationary type of concentrator is used to collect the 
sun energy which requires only periodic adjustment. If 
is not necessaiy, therefore, to make it movable to 
track the sun, 

2. The hi^ pressure vapours of the working fluid are 
directly used to push the water to be lifted. The use 
of engine is, thus, el imin ated. 
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3. The pump is made of G-.I, pipes, fittings and valves only. 
This makes the system very simple in construction. 

4. No moving parts are used except a small feed pump to 
force the -working fluid in the receiver pipe. Hence, 
the maintenance of the system is quite inexpensive, 

5. The Carnot cycle efficiency of a system increases -with 
temperature -while the collection efficiency of the 
concentrator decreases hecause the heat losses are 
increased. Therefore, in the proposed work, the system 
is chosen to operate neither at low temperatures «80°C) 
nor at high tempera-tures (>120°C), hut at moderate 
tempera -tures of about lOO^C in order to achieve -the 
optimum efficiency of the total system. 

6‘-. The system is simple in construction and easy in operation 
and maintenance. It does not involve, therefore, hi^ 
initial and running cost. 

The schematic diagram of the proposed system is sho-wn in 
figure 1»1. The vapours of the working fluid are generated in 
the stationary concentrator which are used to push the water 
to be p-umped. The vapours are, then, seQt to the condenser 
where they are condensed to create vaeuxun to suck fresh water. 
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The condensate of the working fluid is collected in a storage 
tank from where it is pumped lack to the concentrator ly means 
of a feed pump. The details of the fabrication and working 
of various components of the pumping system are explained in 
the text. 


CHAPTER - II 


D_SIGH ANALYSIS AND THE EXPBRIIENTAL SET-UP 

A laboratory model of a solar piompiiig system has been, 
developed which coiasists of the following main components: 

(a) Solar Pump 

(b) Condenser 

(c) Storage tank 

(d) Peed Pump and 

(e) Stationary concentrator 

A detailed description of the design analysis and 

i 

fabrication of the various components is given below. 

2-1 SOLAR PUI'IP 

As shown in figure 2*1, the pump consists of a vertical 
cylinder (l) of C.I. pipe, the lower end of which is connect- 
ed to a smaller diameter G.I. pipe (3) by means of a reducer 
(2) , The other end of the pipe (3) is joined to a tee (4) 
with the help of an elbow and a nipple. The other two 
openings of the tee are connected to the deliveiy and suc- 
tion pipes of the pump with the help of nipples, elbows 
and reducers throu^ two non-re t'um valves (5) and (6), on 
the delivery and the suction sides, respectively. 

A float valve (7), made of circular hollow wooden box 
enclosing thermocoal inside its cavity and finished plane 
surface on its top, is inserted inside the pump cylinder. 

The lower cone of the valve is covered with an alumini'um 
cup which is machined on the outer tapered surface. It 
rests on the tapered al\iminium seat (9) fitted inside the 
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reducer (2) , and provides a leak proof joint for any gas or 
vapour going to tlie pipe (5) from the cylinder (l). The 
float valve (7) floats on a liquid piston of turpentine oil 
inside the pump cylinder. The turpentine oil is used as a 
liquid piston because it prevents mixing of working fluid 
vapours with the water. Also, the turpentine oil itself is 
immiscible with water and the working fluid. 

The upper end of the cylinder is covered by a threaded 
cover cap (lO) having a circular &,I. ring (ll) welded 
inside it. The projected end of the ring. is machine- 
finished which acts as a seat for the upper plane finished 
surface of the float valve. This provides a leak-proof 
contact preventing any liquid to go upward into the space, 
enclosed by the welded G-.I, ring in the cover cap and the 
top surface of the float valve, from where it could have 
been, otherwise, sucked up into the condenser throu^ the 
exhaust pipe (12), The exhaust pipe (12) is connected to 
the condenser through a hand operated valve (15) which is 
opened during the suction stroke. A G-.I. pipe (14) is 
welded at the centre of the top cover plate of the cylinder 
to lead to the concentrator roceiver throu^ a toe (15) and 
a hand operated valve (16). A side tube (17) is provided 
at the tee (15) and an ordinary valve (18) is fixed at the 
end of the tube. This helps in releasing any gases from 
the cylinder 'iJhile priming the solar pump. 

The non-retum valve (5) in the delivery pipe allows 
only the upward flow of water through the delivery pipe (19) 
and checks the downward flow. The similar non-retum 
valve (6) on the suction side allows the entry of irater 
from the tank (2l) throu^ the suction pipe (2o) and checks 
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its back flow. 

As explained above, there are 20 various parts of the 
solar pump to be designed and fabricated. \'hile, most of 
the parts fall under the category of pipe and fittings and 
do not need precise design criteria, the pump cylinder and 
the pipe attached to its lower end play an important role 
in the pump functioning. It is, therefore, necessary to 
give a systematic design analysis of these two parts. 

Since, only a laboratory model of the pump was proposed 
to be developed, the discharge capacity of the pump was 
chosen to be low (between 500-600 lit/hr, say 550 lit/hr) 
against a head of 15 meters (10m discha-rge- head and 5m 
suction head), working at 15 cycles/min. 

For a single acting positive displacement type pump, 
the discharge is fixed by its swept volume and the number 
of cycles per unit time. Ihus, 

Q = A^ X L X H (2.1) 

1000 


¥here, 

Q = discharge of the pump in lit/hr 

2 

A^= cylinder cross-sectional area in cm 
L^= stroke length in cm 
H = number of cycles peg^hour 


Prom. the above relation, the swept volume is given by 


x Ig = q A 1 000 


cm 


E 

= 550 


X 1000 
l5'x'&S' 


611.11 cm'’ 
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A 4' ’ diameter G-.I. pipe was chosen for the pump 
cylinder which is easily availahle in the local market. Its 
actual diameter was 10*2 cm. 


The area of cross-section of the pump cylinder 

= Tc (10*2)^ cm^ 

4 


= 81*74 cm^ 

Hence, tho length of the stroke 


= 611 -*-11 
81*74 


cm = 7*5 


cm. 


The stroke length being smoll, the heat losses by 
convection due to the reciprocating motion of the turpentine 
oil column in the cylinder are reduced. Also the smaller 
the stroke length, the lesser is the possibility of exper- 
iencing turbulent motion of the turpentine oil. This avoids 
mixing of turpentine oil with water. 


The length of the pump cylinder has been taken as 
10 cm, someirhat more than the stroke length, to accomodate 
the float valve, the upper ring and a seat at the lower end. 

At the lower end of the pump cylinder, a 2-^' ' diameter 
(actual internal diameter = 6 *90 cm) standard G.I. Pipe wp,s 
connected by means of a reducer (4'' 0 z 2-|-' ’ . The 

use of the reducer fjicilitates fixing the seat for the float 


X* It was expected that 1 cycle may be completed in about 
4 seconds by using hand operated Vralves, 
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valve and, at the same time, streamlining the flov of fluid. 
In order to determine the length of the lower pipe connected 
to the pump cylinder, the area of cross-section of this 

pipe is given hy 

A = % (6* 90) ^ cm^ 

P 4 

= 37*40 cm^ 

'Ihe s-^rept volume being 611- 11 cm^ , the length upto 
ij'hich the turpentine oil may be pushed by the working fluid 
vapours, from the cylinder to the lower pipe, is given by 

= “57'*^ cm = 16.34 cm 

Since, a liquid piston of turpentine oil is used which 
occupies a length of 16*34 cm of the lower pipe at the end 
of the downtrard stroke, there is a possibility of the 
turpentine oil getting discharged with the water if the 
lower pipe length is also taken as 16*34 cm. In order to 
avoid this difficulty, the length of the lower pipe is 
taken as 35 cm i.e. about tv^^o times the length L.^. 

Ihe dimensions of the remaining parts have been chosen on 
the basis of convenience and availability. 
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llie following table lo.2»l gives 
various parts. 


i 


*art SFo. 

Name of the Part 

1 

Pump cylinder 

2 

he due 9 r 

3 

Lower pipe 

4 

Tee 

5 

lifon-retum valve 

6 

Pon-return v?1vg 

7 : 

Float valvo 

8 j 

Altiminium cup 

9 

lluminium seat 

10 

Cover cap 

11 

Top ring 

2.2 

Vapour outlet 

13 

Ball valve 

14 

1 Vapour inlet 

15 

i Tee 

16 

Ball valve 

17 

Side tube 

18 

Ordinary valvo 

19 

j3elivery pipe 

20 

; Suction pipe 

1 

1 


the dimensions of the 


finensionc 

4’ ' 0 , length 10 on 

4 - ' 0 r 2-1-' ’ 0 

2y' ‘ 0 , longth 35 cm long 

24 -- = 

1 ’ ' 0 
1 ' ’ 0 

4' ' 0 wooden valve 
3 y' ' X 2' ’ , height 2 ' ' 

3 ' ' 0 arith 30° tapered 
4 ' ’ 0 socket 
21” 0 
1 / 2 * • 0 
1 / 2 • ' 0 
1 / 2 ' ' 0 
2 / 2 ’ ' 0 
2/2” jj 
2/2' ' 0 
1 / 2 ’ ' 0 

1/2” 0 , length IS. 5 ft. 
l/2'' 0 , length 2.0 ft. 
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2-2 CCFD'}TST;R 

Tho condenser used in the system consists of a tank made 
of a 24 gauge G-.I. sheet and open at the top. It has an 
inlet and an outlet for circulating the fresh uater. The 
inlet is just above the bottom of the tank and the outlet at 
a level higher than the inlet, so that the cold weter enter- 
ing the inlet comes in contact uith the copper coil and gets 
heated. The hot "water being lighter than the cold water, 
rises up and go^s out of the tank through the outlet. The 
copper tube, bent to the shape as sho'^m in figure 2*2, is 
inserted inside the G.I, tank. The plane of the coil is 
inclined, Trith the horizontal, at a small angle, so that the 
inlet of the vapours from the solar pump cylinder to the 
coil is at a higher level th'-n the outlet of the condensate. 
This facilitates the flow of the condensate to the storage 
tank. The G.I, tank is kept on a frame made of Slotted 
angle iron. 

Although, in the experiment, the cooling water is 
circulated by a TULLU pump, the water lifted by the solar 
pump may itself bo used to pass throu^ the condenser to 
work as cooling water. Thus, the use of the circulating 
pump may be avoided. 

The most important aspect in the design of a condenser 
is to estimate the length of the condensing coil used. This 
can be done by first knowing how much heat load the condenser 
has to encounter. 

To determine the heat load on the condenser, we first 
calculate the flow rate of the working fluid (methyl alcoholf 
in the system, 

4t»'fheT^nV]y TiVmi c and phy s ical ""pro port ios“of various"*organhc and 
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TSm ifluwalftoA Waj^iaiiatm', 


inorganic fluids "wore studied as given in ttie table below 


S*lTo. Fame Boiling point Molting point Solu bility in 

^ n o 

C Uater Turpentine 

oil 


1. 

Methanol 
(methyl alcohol) 

64.65 

-97.8 

soluble 

insol. 

2. 

Isobutyl 

nitrite 

67.00 

— 

soluble 

insol. 

3, 

Isopropyl 

ether 

67.5 

-60 

insol. 

soluble 

4-^ 

n-Hexane 

69.00 

-94.3 

insol. 

soluble 


5. Ethanol 78.50 -117.5 soluble insol, 

(ethyl alcohol) 


In the present exporimout, we have chosen methyl alcohol 
the working fluid because of its having a modexa,te boiling 
temperature (at atmospheric pressure) and other pTOperties 
suited to our design requirements. Also, it id dheap and 
easily available in the local market. 
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The total volume occupied by methyl alcohol vapours, 
in one cycle, at the end , of the expansion stroke is given 





+ V 


cl 


( 2 . 2 ) 


where 

= total voljime per cycle 
Y = swept volume 

O 

Y~= clearance volume 


The swept volume was fixed to he 611*11 cc as explained 
in article 2»1, The clearance volume comprises three 
volumes i.e. 



+ Y^ 
o e 


* where 


= Volume of the inlet pipe between the valves 
(16), (18) and the pump cylinder entry * 

= cross-sectional area x length' of 'thm total pipe 

= I (1*27)^ X 20 cm^ 

= 25-4 cm^ 

V^ = volume of the outlet pipe between the valve 
(13) and the exit of the pump cylinder 

= cross-sectional area z length of the pipe 

(1>27)^ X 15*5 cm^ 

= 19*65 cm^ 

V = volume enclosed between the cover cap and 
the top of the float valve. 

= [cross-sectional area of pump cylinder-area 
of n»s. ring] x height of the m.s, ring(ll) 
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= f (1020)^- I t7*6)^- I (6.9)^x 0<-6 cm^ 

= 45*4 cm^ 

~ (25*4 + 19*65 + 45"* 4) cm^ = 90*45 cm^ 

Vj = (611*11 + 90*45) cm^ 

= 701* 56 cm* 

It is assumed that the conditions of the vapours at the 

* “ific 

cylinder outlet, and, hence, at the condenser inlet, are^same 
as thasig at the inlet of the cylinder, The vapours of the 
working fluid (methyl alcohol) are required to be at a 
temperature of 100°C (90°C saturation temperature + 10 °C 
super heat) in order to achieve the vapour pressure equal to 
25 meters of water column (absolute) , 

The specific volume of the saturated methyl alcohol 
vapours at 90°C is 0*345 mV kg (from the standard tables). 

In the superheated state of the methyl alcohol vapours, the 
behaviour of the vapours may be assiimed to be that of the 
ideal gas, 

¥ith this assumption, the specific volume of the methyl 
alcohol vapours, in the superheated state, may be calculated 
by v^ _ ^2 ^2 



where, 

P^ and P 2 are the pressures at the saturated and 

Superheated states, respectilrely. 

T^ = absolute temperature of the saturated vapours 
= (273 -t- 90 )^ = 363°k 
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IE 2 = alDSolute temporatiire of the superheated vapours 
= (273 + 100 )°k = 373°k 

= specific voliine of the saturated vapours 

= 0.345 m^/kg 

V 2 == specific volume of the superheated vapours 

Since, the vapours are retained in the same receiver 
pipe, loth at the saturo.ted and the superheated states, the 
pressure ' 

Pi = P2 

Yo = ^2 Y, = 373 X 0.345 mVkg 

^ i- 3 ^- 

= 0.354 m^/kg 

Hence, the flowrate of the methyl alcohol in the 
system is given hy 

= Total volume per cycle z lumber of cycles per 

^ unit tine 

specific volume of 1h.e working fluid. 

X N 

^ 701.56 z 10 z 15 z 60 kg/hr 

0,35 ” 

= 1^78 kg/hr. 

Since, the suction head has been chosen aa 5 meter 
of water colum, it is necessary that the vacuum cu*eated 
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in the condenser "be more tlian 5 Q. of wnier coluian. If can. 
be easily seen that this roquirenent is fulfilled if we 
keep the condensate temperature as 40°C, The saturation 
pre^ure of the methyl alcohol at 40°C is 260 im of Hg. [8] 
Hence, the vacuum create I inside the condenser is 
(760-260 = 500) mm of Hg, or 6,58 meter of water column. 

The cooling water for the condenser is available at a 
temperature of about 35*^C or below. To be on the safer 
side, we assume it to be 35°C. Thus, by keeping the conden- 
sate temperature 40°C., a temperature difference of 5°C 
(40°C - 35°C) is available for the heat transfer to take 
place in the condenser. 

The heat to be removed in the condenser 
= sensible heat of the superheated methyl alcohol 

vapours + latent heat of the condensation + sensible 
heat of the liquid methyl alcohol 

«ol = ''p == V ^ ''P ^ + ''p 

Where, 

= heat load on the condenser, 

Cpg = mean specific heat of the superheatcid vapours 
of methyl alcohol, 

t = temperature of the superheated vapours of 
methyl alcohol, 

t^ = condensate temperature. 


/ 
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= mean, specific heat of the liquid methyl alcohol 

= 1-78 X 0‘80 X (100-90) + 1»78 x 256 + 1*78 x 

0«645 X (90-40) 

= 526-75 Kcal/hr. 


The heat load on the condenser may also he expressed as 


Q 


cl 


0 O 




(2-4) 


where , 

M = overall heat ti^.nsfer coefficient based on the 
o 

outer diameter of the copper tube, 

A = outer surface area of the copner tube, 

"o ^ 

t = temperature of cooling water. 


The value of the overall heat transfer coefficient 

has been tialcen [9l ns 250 BTU/hr.ft^^P (=1220 E.cal/hr.ft P) 

for methyl alcohol as hot fluid and water as cold fluid. 

Also it is a practice to use 5/8’ ' diameter copper tube in 

small condensers. 


# ♦ 


K 

o 


where. 


d 


CO 


'^cl 

526-75 ,.2 

T2^0"^T4^55r 

8-65 X 10"^ m^ 

“rt d„^ 1 
CO 

outer diameter of the copper tube 
length of the condenser' coil 


1 
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-2 

= 8- 65 X ID _ p 

Tc 'x 1*'6 z 10 

= 172 cn. 

llie length, of the copper tube was token as 175 cm and 
bent to the shape as shown in figure 2^. The dimensions of 
the G.I. tank, in which the coil is inserted to form the 
condenser were taken as 54 cm x 40 cm x 24 cm such that the 
coil may be fixed in it without any inconvenience. 


% 
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2^3 SL'OiiAG:: -f/iffi 

This is a closed tank, made of l/8' ' thick US. plate 
hy arc welding. The condensed methyl alcohol in the conden- 
ser is stored in the tank through an inlet valve provided at 
the upper portion of one of its i sides. The methyl alcohol 
stored in the tank, goes to the feed pump thro\i^ a valve 
controled outlet. The positions of the inlet and outlet of 
the storage tank for methyl alcohol have been fixed so that 
the following purpose is served: 

(i) All the methyl alcohol inside the storage tank may be 
sent to the gonemtor pipe by feed pump. 

(ii) Only the liquid alcohol goes to the feed pump and not 
the vapours, if any» present inside the storage tank. 

The storage tank is kept inclined by an angle of 15° 
with the horizontal. There is one discharge valve in the 
bottom of the storage tank and in the lower end from which 
all the methyl alcohol can be taken out, if desired. Two 
valves provided on the top face of the storage tank facilitate 
pouring of methyl alcohol in the storage tank. The methyl 
alcohol enters through one valve and the gases inside the 
storage tank escape out throu^ another valve. The size of 
the tank has been taken as 50 cm x 20 cm x 18 cm, so a,s to 
accomodate about 10 litres of the working fluid. The 
position of valves and inlet, outlet in the tank are shown 
in figure 2* 3. 
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2*4 PEED PDIIP 

This is the pump used to feed the methyl alcohol to the 
evaporator from the storage tahk. The methyl alcohol vapoxirs 
coming from the solar pump are condensed in the condenser 
and the liq.uid methyl alcohol, thus -obtained, is stored in 
the storage tank. As the system is working on the closed 
Rankine cycle, a feed ptmp is required to feed the liquid 
methyl alcohol to the ovaporo.tor (high pressxire side) from 
the storage tank (low pressaire side). Por this purpose, a 
positive displn.cement pump with hi^ head and low discharge 
is Suitable, but, in our case, a TULLU pump having the follow- 
ing specifications is used. 

Power : 250 watt. 

R.P.M. : 5500 r-'n . 

Discharge; 800 lit hr. 

Head : 18' 2 m of water column. 

If the pressure inside the evaporator goes hi^, the 
flow of methyl alcohol (liquid and vapour both) takes place 
from the evaporator back to the storage tank throu^ the 
TTT T.T. TT pump, in situations when the pump is not working and 
the inlet valve to the pump cylinder is closed. Thus, the 
excessive pressture rise is prevented in the evaporator which, 
otherwise, would cause bursting of the receiver and connect- 
ing pipes on the high pressure side. This danger would not 
have been overcome with the positive displacement pump which 
does not allow back flow throu^ it. 

The mass of the methyl alcohol to be pumped from the 
storage tank to the evaporator is 1«78 kg/hr (see 2*2), The 



30 


mothyl alcohol is in the saturated liquid state at 40°C and 
its density is 774 kg/m^. Hence, the voluiae flow rate of the 
methyl alcohol to ho pumped 


i»I8 
" 774 


/hr 


= 2*3 X 10“^ mVhr 


the work required to pimp the liquid methyl alcohol 
= volinae flow rate x (P^ - P2) (2*5) 

where, 

= pressure of methyl alcohol, inside the 
receiver pipe, at a temperature of 90°C 

P2 = pressure of liquid methyl alcohol in the 
storage tank at 40^0 


Using standard table. 



1 


2-3 X 10“^ (2.49 - 0-342) X lo'^ ^ 


11 


hr 


49-3, 




? 
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2-5 BT'TIOUARY CONC'‘';lTr.l'‘ TOR 

In "the present systom, tlie modified " inston concentrntor 
has "been adopted to collect solo.r radiation as a heat source 
to vaporize the working fluid. The concentre.tor is a cylind- 
rical light collector having trou^-liko reflecting walls. 

The trough walls have a specific shape which look para- 

bolic and concentrate direct radiant energy on to a tube 
receiver of general shape, circular, oval, rectangular and 
even fin-like. Tho tubes cross-soction may have any shape 
provided that it is convex and symmetric .about tho optic 
axis of the concentrator. In fact, the tubes surfa,ce need 
not be even closed. The requirement that the crocs— section 
be convex, prevents a tangent crossing the receiver boundary. 


The concentrator collects ra,diation over an entrance 
aperture of width d^ and an angular field of view of 

(half acceptance angle) in the plane transverse to the 
cylindrical concentrator. The rays incident at angles 

are reflected out of the concentrator. The maximum 

max 

concentration that can be achieved by the modified Kinston 

_'//0 

concentrator is 


M 

= (l/Sln 6^^ ) 

o 


( 2 - 6 ) 


l/here S is the circumference of the receiver pipe. This 
concentrator design could be successfully used where it is 
desired to illuminate or heat the entire outer surface of 
the receiver pipe. The height of the concentra.tor walls ma.y 
be reduced substantially at one ’ s convenience with very 
little loss of the entrance apecture and, hence, the 
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concGiL'trs.'tioii rn-xio. Tlie angiiXcir a,ccGpt;a.iice finale (2 Q- ), 

max * 

however, roimains -unchanged. 

The Vinston concentrator is of stationary type and 
requires only periodic adjustment depending upon the accep- 
tance angle , concentration i-.tio (d^/s), month of the 

year and the lititude of the place. The need to track the 
sun is, thus, eliminated. 

In our case, the concentrator is required to collect 
the sun energy on its receiver surface at a temperature of 
110°C at the rate of 543«75 kcal/hr in order to generate 
1*7^ kg/hr vapours of the methyl alcohol at lOO^C (90°C 
saturation temperature + 10°C superheat) trhen the initial 
temperature of the saturated methyl alcohol is kept at 40°C, 
All the design values mentioned here, have heen derived as 
per design -analysis of the condenser discussed in section 
2 . 2 . 


The design crieteria for the modified Uinston's 
concentrator are; 

1. The concentration factor must "be such that the heat 
energy can be collected at the required moderate 
temperature i.e. about 110*^0. 

2, The acceptance time for solar radiation on any day of 
the year must be sufficient to perform the experiment 
with the system. 

The hei^t of the concentrator should not exceed the 
easily manageable proportions. 


3 
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4, Length, to height ratio of the concentrator must he 
large enough so that the end effects are minimized. 

5, Available pine of the standard size must be used as the 
receiver pipe, 

¥ith theso criteria in mind, the following parameters 
were chosen for the concentrator design: 

Half acceptance a.ngle = 5° 

Receiver pipe diameter (OD) = 5*0 cm 

Concentration ratio (CR) = 5*0 

From the Sable 2*2 given by TJinston [ll] the acceptance 
time for the concentrator is hre/day. 

As explained theoretic.?,lly by Hinston [id], the profile 
of the concentrator has been draim geometrically using the 
following procedure: 

Using the equation (2-6), 
the entrance aperture d^ = concentration ratio 

= u z 5 x 5 

= 78»5 cm 

2?rom figure 2*4, reproduced from ’'inston's work [id] » 
the height/ aperture ratio for = 5° and CR = 5, comes 

out to be 1*085, Hence, 

height h of the concentrator 

(from the center of the receiver pipe to the tip of 

the concentrator trail) 

= 1*085 X aperture 
= 1*085 X 78*5 cm 
= 96 cm. 
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TABES 2,2 Acceptance Time For Different Acceptance 
Angles 

Half Acceptance Max. Concentration Acceptance Time 

factor in hour per day 


T 

8.2 

7.4 

6^ 

9.6 

7.0 

5° 

11.4 

6.5 


4 *^ 

3 ® 

2 ° 


14.3 


19il 


6.0 


5.3 


28.6 


4i4 
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FIG. 2-4 HEIGHT/ APERTURE RATIO VS- CONCENTRATION 
RATIO FOR DIFFERENT HALF ACCEPTANCE 
ANGLESCFOR FULL AND TRUNCATED CCM^OUND 
PARABOLIC CONCENTRATOR) 




36 


Thus, the position of the point uhich is the tip of the 
concentrator uall, is fixed with respect to the pipe cross- 
section (figure 2.5), Let I^IT^ be an incident radiant 
energy re.y mating an angle equal to the half acceptance 
angle (=5°) with the vertical. Draw a tangent from 

the point to the outer diameter circle of the receiver 
pipe meeting at the point a. Thus, 11^4 is a tangent on the 
pipe at a. divides the angle into two equal 

parts i.e, 

II 1^ = 1^ 11 ^ a 

Now, the pipe diameter circle is divided into small sectors, 
each subtending an angle of 5° at the centre and starting 
from ao (a small angle of 5° is chosen to achieve hi^er 
accuracy). The corresponding points on the circle are b,c, 
d..,..k, such that the last radius ko makes an angle of 5° 
with the hori25ontal. A normal is then, dra^m from N^ to 

^1^1 intersects the tangent on the point b of the 

circle at a point N 2 which is the second point of the concen- 
trator profile, Ih*om the laws of reflection of li^t, it is 
knotim that any ray making an angle 9-< with the 

vertical will reach the receiver pipe circle after being 
reflected by the surface F^N 2 This ensures that all the 

radiant energy rays falling on the concentrator at an angle 

0'< & with the vertical will be reflected oh to the 
max 

receiver pipe surface. In order, now, to get the third point 
N^ of the concentrator profile, a ray Ip^^p taken parallel 
to Ist L 2 N 2 divide the angle l 2 N 2 b into two equal 

parts, A normal is drawn from N 2 to I 2 ^2 intersects 

the tangent on the point c of the receiver pipe circle at 
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a point which, is the required third point of the profile. 

The process is continued tin we reach the last point R on 
the circle and the corresponding point on the profile. 

The portion A of the concentrator profile has to be 

the involute of a circle and is drawn by using the character- 
istics of the involute of a circle as follows: 

Choose any point p on the arc of the circle between 
the points A and k and draw a tangent at the point p. Mark 
a point D on this tangent such that the length pD of the 
tangent = the arc length Ap, Thus, the point D lies on the 
involute of the circle. Similar points of the involute may 
be detennined by choosing more points between A and k and 
they are all joined with and A to .complete the involute 
and, hence, the concentrator profile. 

The actual concentrator profile, in our experiment, 
was drawn to the full scale and a plywood '‘template*' was 
prepared. Mild steel flats were bent to the shape of the 
template and the buffed aluminium sheet was fixed by screws 
and nuts on these flats to acquire the shape of the modified 
¥inston concentrator. 
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2*6 EV/iLUATION OF INPUT SOME MDIATION 

^OI ^Ui instantaneous values of global 

and direct irradiation rates scfe a horizontal surface, we have 

I 'Pjq- — 0 »825 (2»T) 


The diffused radiation has been taken to be 17.5 per cent 
of the global solar radiation [l2]. Theoritically, the 
diffused radiation is not concentrated on the receiver pipe 
by the concentrator. It is, therefore, neglected in computing 
the input solar rn,diation to the concentra.tor. The valu^ 
of I^ are taken from the Table 2,3, obtained from the Indian 


Meteorological Department [13], as the ra.diation measuring 
instrument was not available in the laboratoiy. The direct 
solar radiation at a tilted surface is given by 


IjjT = -‘-IE’ i/sir p 


( 2 . 8 ) 


Where, 

i = the angle of incidence that the direct solar 
radiation makes with the tilted surface, 

P = altitude angle of the sian. 

The angle of incidence is required to be calculated for 
the vertical side opening, facing either the Bast or Ihe 
West and for the top opening of the concentrator whidi is 
tilted in the N - S direction. 

For the vertical opening, facing cither the East or 
the West, 

cos i = cos p . cos (Z - n) 


(2.9) 


TABLE - (2,:;)'*’! Averages of G-lobal Solar Radiation in cal/ cm . 

Station Kanpur 26.4'*^ N latitude (Period of data, Nov, '68 to Dec. '71) 
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where , 

Z = azimuth, angle, 
n = wall solar azimuth. 

For the top opening, incidence angle is given hy 

cos i = .-in d. sin (I.-h) + cos d.cos {L-h).cps h (2.10) 

where, 

d = declination of the STin, 

1 = latitude of the place, 

h = hour angle, 

h = angle of slope, that is the angle made by the 

sloping surface with the horizontal. 

This is either positive or negative according as the 
tilt is towards the South or the North. 


The sola,r energy enters the concentrator throu^ its 
top and either of the end openings depending upon the time 
of the day. The rates of incident direct solar radiation 
(Ip^) are computed, knowing the angles of incidence for 
both the top and the end openings. 


Hence, the total energy Qj^, received by the concentara- 
tor is given by 


QpT ~ ^DTT ^ ^ 


( 2 . 11 ) 


Where, 


"T 


A- 


•E 


■DTT 


top opening area, 
end opening area 

rate of direct radiation incident on the 
top opening and 
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^DTE ~ rate of direct radiation on the end opening. 

As mentioned above, the solar energy enters the concen- 
trator throng its top and either of the end openings 
depending upon the time of the day. However, the energy 
entering the concentrator through its end opening is small. 
Moreover, it is compensated by the loss of the energy throng 
the other end. Hence, for the purpose of concentrator design, 
it is neglected and only the energy entering throu^ the top 
opening is taken into account. 

The a,veragos of the global solar radiation on a 
horizontal surface, at Kanpur, are given in Sable 2.3., The 
direct solar radiation, on a surface tilted by an angle of 
41° 26' from the horizontal, calculated using equations . 
2.7-2,10 for the month of October 76 are given in Table 2,4. 

Table 2;.!- Monthly Average of the Total Solar Eadiation on a 
Tilted Surface. 


\. Time i 

Montn\ 

t Hourly Sum in 

cal/ cm^ 

for the 

hour 

ending at - 

10.00 

A.M. 

t ^ ^ 

11.00 

A.M. 

12.00 

Hoon 

1.00 

P.M. 

2.00 

P.M. 

3-00 

P.M. 

October 

52,5 

61.8 

65.5 

64.5 

63.0 

52.6 
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TliG average of tlie direct solr'r radiation for tlie month, of 
October '76 comes out to bo equal to 60.0 cal/cmi hr on the 
tilted surface used in our experiment. 

The heat required to generate the dry saturated vapours 
at 90*^0 at the rate of 1.78 kg/hr, when the initial tempera- 
ture of the liquid saturated methyl alcohol is 40°C, is 
512.55 h cal/hr (sec 2.2). Assuming, the efficiency of the 
concentrator to be 33 percent, the area of collection is given 

A = heat required to be col lected 

E . average direct solar intensity x collection 

efficiency. 

= ^2 

6070 X 0.33 

= 2.55 m^ 


The aperture of the concentrator is 78*5 cm. Therefore 
the length of the concentrator, for the above area, is given 
by 

1,- = 2.55 „ 


0.785 


3.25 m 


Heat required to superheat the saturated methyl 
alcohol vapours (initially at 90°C) by 10°C, is given by 

Q = Elow rate of methyl alcohol x average value 
s 

of specific heat for vapour x temperature rise 


1.78 X 0.80 X 10 k cal/hr 
14.25 k cal/hr. 
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Taking tlie collection efficiency 15 percent for this 
portion of the concentrator^' where superheating of the methyl 
alcohol vapours takes place, the area of collection required 
is given hy 

A - 14.2^ 2 

^su W.O X 0.15 “ 

= 0.161 


Hence, the length of the receiver pipe for this collec- 
tion area is given by 


1 


2 


0.161 

0.785 


m 


= 20 ♦ 5 cm 

Thus, the total length of the concenti^tor comes out 

to be 

L = 1^+12 

= (3.25 + 0.205) m 

= 3.455 m 


The heat transfer coefficient between methyl alcohol 
vapours and the receiver is much less as compared to that 
between the liquid methyl alcohol and the receiver pipe. 
Also, there arc more heat losses in the portion of Hie 
receiver pipe whore superheating takes place beesause of 
hi^er surface temperature. Hence, the efficiency of 
this portion of the concentrator will be much less than 
the efficiency of the portion of the concentrator where 
boiling of methyl alcohol takes place. 



The length of the concentrator, therefore, is tnkon 
3.50 m. 

The portion of the receiver pipe, where only vapours are 
present and not the liquid methyl alcohol, works as super- 
heater as well as accumulator. 


WOEKCITG CTCEB 


The working cycle of the present solar pump is the 
Rankine cycle, universally adopted for generation of power 
in a vapour or steam system. 


*T,dt 100 

i( .-1- 


f jT = 90°C 
I jT2= 40°C 
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Enthalpy — ^ 
Figure 2.6(h) 


The operating conditions and an ideal system T-^ diagram 
is shown in figure 2,r:(a). The process throu^ the various 
components of the system are shown, 1—2 indicates the 
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expansion of vapour in the pump cylinder which utilizes some 
of the energy into pumping the water, 2-3 indicates the 
condensation of the vn.pour in the condenser, 3-4 is feeding 
of the methyl alcohol back to the evaporator, 4-1 represents 
the changes which occur inside the vapour generator (4-a is 
sensible heating of the liquid methyl alcohol, a-b is phase 
change from liquid to vapour, b-1 is superheating of the 
vapours) and, thus, the cycle is completed. 

The same cycle represented on a. P-H plane is shown in 
figure 2.5 (b) 
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CSAPT5R III 

MBASUSEMBRTS MD OPERATION OP PHE SOLAR 
PUT4PINO SYSTEM 

3-1 INSTROl-ffiNTATION 

(a) Temperature Measurement 

All temperatures, except atmospheric temperature, have 
been measured by 24 gauge calibrated and insulated copper- 
constantan thermocouples. The receiver pipe, which also 
works as evaporator, has the thermocouples peened into itS 
surface at 13 points along its length and spaced as shown 
in figure 3»1. Two thermocouples immersed in the flxiid 
inside the evaporator pipe were used to measure the inlet 
and the outlet temperatures of the fluid flowing inside the 
evaporator pipe as sho^ni in figure 3*2. Six thermocouples 
peened into the surface of the solar pump cylinder and. the 
pipe connected to its lower €nd were used to get the 
temperature distribution of the solar pump cylinder and the 
pipe connected below it. The positions and spacing are 
shown, in figure 3-3. Three more thenao couples, one at the 
outlet pipe for vapour of the solar pump cylinder and one 
each at the inlet and the outlet of the condenser copper 
coil were used to measure the temperatures at these points. 
The accuracy of all the thermocouples was checked and was 
found to be within +1*0°C, An alcohol thermometer graduated 
from 0°C to 110°C with least count of 1°C, placed in the 
shade, was used to measure the ambient temperatiire. All the 
thermocouple temperatures were recorded directly on the 
graph paper by a 24 point Honey Well temperature recorder 
having the least count of 1°C. 
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(b) Evaluation of Direct Solar Radiation. 

The concentrators accept only negligible amount of diffused 
radiation. Hence, only the direct solar radiation was taken 
for the purpose of concentrator design. Due to non- 
availability of the solar radiation measuring instrument, the 
observed values of the global solar radiation for Eanpur 
published by the Indian Meteorological Department have been_ 
employed to compute the direct solar radiation. Table ' 1,3 
gives the monthly averages for total irradiation on horizon- 
tal surfaces exposed to the sun on clear days, at Kanpur, 

The observations to assess these values were made between 
the years 1968 and 1973. The values check very well with 
corresponding measurements made by Chauhan [14] with an 
Eppley Pyranometer between March and May 1974. 

The diffused radiation on a horizontal surface is 
estimated to be approximately 15-20 percent or an average 
of 17*5 percent of the total radiation received on clear 
days [12]. On the basis of this, the direct radiation on 
a horizontal surface has been taken to bo 82*5 percent of 
the total radiation in calculating the collection area of 
the concentrator. 

(c) Pressure Measurement 

The pressure inside the evaporator pipe was measured 
with the help of a pressure gauge having calibi-.rated scale 
both in kg/cm^ and Ib/inch^. The range of the pressure 
gauge was (0*0 - 10 •'50) kg/cm^ and althou^, the pressure 
gauge scale had divisions of 0*20 kg/cm^, pressure upto 
0*10* kg/ cm^ could be read fairly accurately. 


The pressure gauge was mounted on the periphery of the 
evaporator pipe and at the end of the pipe at the hi^er 
elevation. This position of the pressure gauge had two 
advantages: 

(i) The entry of any liquid methyl alcohol inside the pressure 
gauge was prevented. Only the vapours of the methyl 
alcohol come in contact with the pressure gauge. 

(ii) The pressure gauge occupied a position just in front of 
the operator. This helped the operator to have a 
continuous watch over the pressure gauge reading and to 
maintain the optimum presstire inside the evaporator hy 
varying the number of working cycles per unit time, while 
opeiating the. inlet and outlet valves of the pump 
cylinder. 

(d) Solar Pump Discharge Ileasuxemcnt . 

A plastic bucket of 15 litres capacity, graduated in 
litres, was used to measure the discharge of the solar 
pump. Since the capacity of the bucket was small, a measured 
quantity of water was added into it periodically and was 
taken into account for the discharge readings. 





3*2 OPF.Ei'iTIOlT OF THF SOME PUIIPIITG SYSTEM 


Beforo starting the operation of the solar pnmping 
system for testing, the following auxiliary operations were 
performed: 

(a) Charging of the system with the working fluid. 

(h) Priming of the solar pump. 

(c) Removal of gases other than the methyl alcohol vapours 
present inside the system. 

All these auxiliary operations are required only once 
with the system provided there is no leakage in the system. 

(a) Charging of the system with the working fluid. 


On the top of the storage tank, two ordinary pipe valves 
are provided to facilitate introducing the working fluid 
(methyl alcohol) inside tho system. The other valves connec- 
ted to the storage tank remain closed except these two valves. 
The methyl alcohol is poured throng the one open valve and 
gases inside the storage tank escape out throu^ tho other 
open valve. Thus, the predetermined quantity of the methyl 
alcohol (about S litres) is introduced inside tho storage 
tank and, then, those values are closed ti^tly. 


(h) Priming of the solar pump: 

A l/i’ 'diameter and 5 feet long polythene pipe was 
slipped over the suction pipe of the solar pump. Throng this 
polythene pipe, the water was poured to go inside the solar 
pump cylinder, hy keeping the other end of polythene pipe at 
a level higher than tho solar pump cylinder, as the non- 
return valve in tho suction pipe opens upward. The level of 


Ui.l- ■ 

Aicc. 


. fUH 
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the crater in the pump cylinder was kept upto the lower seat 
of the float valve. Over the water level inside the pump 
cylinder, a fixed quantity (750 ml) of turpentine oil was 
poured throu^ the valve provided at the top of the cover 
cap of the cylinder. This valve was, then, closed ti^tly. 
During the priming of the solar pump, the hand operated valves 
at the inlet and outlet of the pump cylinder for methyl 
alcohol vapours are kept closed. 

(c) Removal of gases, other than the methyl alcohol vapours, 
present inside the system; 

If the air or any other non- condensable gases are loft 
inside the system, they get collected in the low pressure 
side i.e. in the condenser and the storage tank during the 
operation of the system. The presence of these gases in the 
condenser and the storage tank reduce the capacity of the 
condenser and decrease the vacuum inside the condenser and 
the storage tank. Hence, the removal of the air and other 
gases except the methyl alcohol vapours inside the system is 
necessary before starting the operation of the system. This 
is achieved by allo'^aing the methyl alcohol vapours to pass 
through the condenser and the storage tank by opening both 
the hand operated valves, and to escape to the atmosphere 
throu^ an open valve at the top surface of the storage tank. 
The air or any other gases in the evaporator, pump cylinder, 
condenser and the storage tank are, thus, driven out along- 
with the methyl alcohol vapours. The following precautions 
are to be taken in doing so: 

(i) there should be no cooling water flow in the condenser, 
otherwise, the methyl alcohol vapours will get condensed 
in it and will not be, therefore, able to drive out the 
air or gases inside the storage tank and the condenser. 



(ii) The outlet vulve of tho ptuap cylinder for the methyl 
alcohol vapours and one valve on the top of the storage 
tank must ho opened fully first and then the inlet 
valve to the pump cylinder must he opened gently and 
slouly, otherwise, the methyl alcohol vapours, which are 
at high pressure, will push the primed irater in the 
solar pump out throu^ the delivery pipe. 

(iii) lfJhen the air or gases inside the system are removed, the 
inlet valve of the pump cylinder and the valve at the 
top of tho storage tank must he closed simultaneously. 
The outlet valve of tho pump cylinder is then closed. 

It should he chocked that all the valves are closed 
air tight-. 

Once the above auxiliairy operations are done, the 
system is ready to he operated provided the direct sun is 
available. It is desirable, however, that before starting 
the operation of the system, tho following checks are made: 

(i) The concentrator is given a ro<iuired tilt (described in 
the appendix A) with the vertica.1 so that it receives 
all the direct sun rays falling on it and concentrates 
on the receiver pipe for s.11 working hours in a day, 

(ii) The dust collected on the glass cover and on the 
reflecting aluminium surface is removed with soft brush. 

(iii) The suction pipe of the pump is dipped into the water 
to he pumped out. 
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Noiff, the operation of the system is cany. Initially, 
both the inlet and the outlet valves of the pump cylinder ar* 
closed. The inlet valve of the pump cylinder is first openec 
The methyl alcohol vapours at a high pressure enter the pump 
cylinder and the pressure throughout the solar pump is 
increased, hue to this pressure, the non-rotum valve in 
the delivers^ pipe opens and the I’^ater goes out continuously 
through the delivery pipe, as more methyl alcohol vapours 
enter and expand, till the float valve rests on the seat to 
form a leak proof joint. The inlet valve is non closed and 
the outlet valve of the pump cylinder is opened. The vapour 
inside the pump cylinder go out to the condenser and get 
condensed. A vacuum is, thereby, created causing the non- 
return valve in the delivery pipe te close. Thus, the water 
in the delivery pipe would not be able to come back to the 
solar pump. The non-retum valve in the suction pipe, 
simultaneously, opens and the ■crater is sucked from the water 
tank into the solar pump. This continues till the upper 
surface of the float valve meets the ring welded in the cap- 
cover which serves like a leak proof joint. The outlet 
valve of the pump cylinder is then closed. The vacutna 
inside the solar pump is destroyed and the non-retum valve 
in the suction pipe is closed due to its own weight so that 
the water from the solar pump can not go back to the water 
tank. The same cycle is repeated for continuous operation 

of the solar pump to lift the water. It is important that 

-k* 

the pressure inside the evaporator is kept opt imum by 
adjusting the number of cycles per unit time. 
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The figures 5*-.(a), 3*-.Ch) and 3*-r{c) are self 
explanatory of the Trorking of the solar pxunp. 


•X* For a particular discharge head, mb may have a range 
of the pressure inside the evaporator pipe. The 
pressure at vhich the pump \rorks best is given the 
name '‘optimum pressure’’ and is decided by operating 
the solar pump at different evaporator pressures. 

For a discharge head of 5*6 meters, the optimum 
pressTire inside tho evaporator was found to be about 
2*0 kg/ cm (gauge) , 







CHAPTER - lY 


4-1 RESULTS MD DISCUSSION 

TLe testing of the experimental model was carried out in 
two phases: 

In the first phase, the experiments wore conducted only 
with the concentrator used in the system to study its 
performance, Althou^, tests were carried out for a week 
for different flow rates of water and inlet and outlet 
temperatures, only the results obtained on June 20 and June 
23 , 1976 are reported and plotted in figures 4.1 and 4.2 as 
representative results, 

Bie ctirves shown in those figures indicate the variation 
during the test hours in a. day in the inlet and the outlet 
water temperatures, the temperature rise of the water flow- 
ing in the receiver pipe and variations in the efficiency 
of collection of the concentrator. It should be noted that 
in figure 4,1 (June 20, 1976), the temperature of the inlet 
water indicates the temperature of water which is recirculated 
and, hence, the inlet temperature values arc so hi^. In 
figure 4.2, however, fresh inlet water temperature has been 
plotted. 

The outlet water temperature and the temperature rise 
curves in both the figures arc seen to reach peak values 
between 12.00 A.M. - 2.00 P.M. It is because, dui*ing this 

time the sun’s rays are in the East-¥ost plane containing 
the optic axis of the concentrator, so that the rays after 
being reflected from the reflecting siirfaco, fall on the 
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receiver pipe making maximum angle with the tangent at that 
point and, hence, the absorptivity is hi^. Moreover, the 
end effects during this period are minimum and the solar 
radiation falling during this period is also maximum. Thus, 
in-spite of higher heat losses (due to high absorber tempera- 
ture) the temperature rise and, hence, the outlet temperatures 
of water are hi^ during this time. 

The collection efficiency of the concentrator is seen to 
bo maximum at about 2,00 P.M. in both the figures. One of 
the reasons for the same is that the concentr^.tor axis is 
tilted in the East-West direction at a small angle with the 
horizontal. Hence, the sun rays are normal to the concentra- 
tor not at 12 noon but some time later in the afternoon. 

The efficiency curves in the two figures show a sudden 
fall and rise in their behaviour at certain times of the day. 
This is because of the sudden clouds apnearing at these 
times obstructing the direct sun radiation. 

After performing the above tests, further tests wore 
taken up when the whole pumping system was ready in October 
1976. 

The figure 4.3 shows the temperature distribution of the 
receiver pipe surfa.ee at various hours of the day when no 
working fluid is flowing through it, on October 51, 1976. 

In the early hours of the day (about 9.00 A.M.), the 
temperature reaches the peak values at short distance from 
the western end of pipe, whereas, in the afternoon, the pipe 
temperature is seen to be maximum near the eastern end of 
the receiver pipe. Since, the water flows througi the 
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concentrator from the west to the east direction, the heat 
transfer between the receiver pipe and the water flowing 
throu^ it could be compared with the parallel and counter 
flow type of heat exchange in the morning and afternoon hours, 
respectively. This, therefore, helps to explain the hi^er 
collection efficiencies obt?.ined during the afternoon houtrs, 
around 2,00 P,M., compared to the values at the solamoon. 

In the second phase, the tests were conducted with the 
complete pumping system. The basic idea of such tests was 
to check the feasibility of the working of the theoratical 
model of the pump under study. The system was nan for several 
days and the pumping of the water was possible from about 
9.45 A,M. to 3.15 P.M, The discharge rate of water vaz*ied 
with the time of the day depending upon the output** of the 
concentrator and, hence, the solar mdiation intensity, The 
discharge of the pump was not continuous as the pump is 
single acting reciprocating type. The representative results 
of these tests have been presented in figure 4.4 - 4,7, 

Figure 4.4 shows the pressure - temperature diagram for 
the commercial methanol as compared with the pressure — 
temperature diagram for pure methyl alcohol, as taken from 
the Handbook [8] . The agreement between the two 

diagrams is quite satisfactory. The small deviations in the 
two curves are due to the following reasons: 

(l) The experiment has been performed for the commercial 


X* Output of the concentrator is defined as its capacity of 
genera.ting methyl alcohol vapours per unit time. 
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methanol having impurities, 

(2) The tempei*ature readings have been taken on the outer 
surface of the pipe and not of the fluid inside the 
receiver pipe. 

It is expected that the fluid temperature inside the pipe 
■will be about less than the surface temperature. 

In figure 4.5, the pressure generated outside the receiver 
pipe by methanol vapour is plotted against the time of the 
day for November 1, 1976, It is seen that the pressure 
increases as the time increases. This information is help- 
ful to guess the time -when sufficient pressure is built up 
to start the opeiration of the pump. 

The discharge of the pump versus time of the day is 
plotted in figure 4.6 for the experiment performed on 
November 9, 1976, Also, the estimated values of the discharge 
rate -(sirept volume x No, of cycles per unit time) vs the 
time of the day is plotted in the same figure. The discharge 
of the pump is increasing in the morning hours and reaches 
the maximum value bo'fcween 12,00 noon - 12-.30 P.MI 
It is because the solar radiation intensity is increasing: 

In the morning hours and starts decreasing in the afternoon. 
Therefore, the; methanol vapours available for operating the 
solar p'ump are maximum in quantity just in the afternoon, 
and hence, more number of cycles per unit time can be 
completed at this time as compared to those in the morning 
ho'ure or in the late afternoon hours. The discharge rate 
values estimated theoretically (swept volume x number of 
cycles per unit time) do not agree ■with the experimental 
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discharge rate va-lues due to the fact that one-way valves 
used for water inlet and outlet piirposes are not cent per- 
cent efficient. 

The representative curve of the temperature distribution 
on the surface of the pump cylinder and its lower pipe is 
shown in figure 4.7. The readings were taken on November 9f 
1976 at 11.15 A.M. At the upper end of the pump cylinder, 
the temperattirc is about 60°C because the hot vapours are 
first contacting this part of the cylinder and transfer 
most of their heat to this portion. At the end of the suct- 
ion stroke, the turpentine oil is not reaching the upper- 
most portion of the pump cylinder duo to the presence of the 
float valve. In the portion of the lower pipe attached to 
the pump cylinder where methanol vapours and hot tuarpentine 
oil are coming into contact alternatively, the temperature 
is about 52°C, In the lower pipe in which the hot turpentine 
oil and cold water are coming into contact, the temperature 
of the surface is slightly hi^er than the temperature of 
the cold water. 

After the experiment was completed, the fluids charged 
inside the pump cylinder were taken out and it was found 
that there was no trace of methyl alcohol inside the pimp 
cylinder. This ascertains that the temperature gradient 
inside the pump cylinder was small and no condensation of 
methanol vapours could take place there. 

4.2 CONCLUSION AND SUGG-ESTIONS ]?0R. FURTHIR UOEE; 

A new version of free, liquid-piston solar pump has been 
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developed whicli works on. the Rnnkr.3 cycle. It can lift 
water from deep levels, comparable to any theoretical 
estimates, and is capable of pumping it to high heads 
depending upon the design parameters of the solar collector 
o,nd the properties of the working fluid used. The idea 
that has been tried is simple and works quite successfully 
compared to any other solar pump, reported so far. The 
entire cost of the development of the laboratory model of 
this pump is about Bs. 5805/- detailed in Table 4.1- 


TABIiB 4,1 Cost Estimation Of The Laboratory Model System 


S.lfo, 

Item 

Size No./Qty. Cost in Rupees 

1, 

Solar Pump 

1 

650 

2. 

Condenser 

1 

200 

3, 

Storage tank 

10.8 lit - 1 

IDO 

4. 

Peed Pump 

1 

425 

5. 

Concentrator 

2, 7 5m^ Area 1 

IDOO 

6. 

Water tank 

1 

30 

7. 

Methanol 

10 lit 

200 

8, 

Piping and 
Accessaries 


300 

9. 

Fabrication and 
Labour 


900 



Total = 

3805/- 


The simple features 

of the design provide 

scope for 

developing a prototype of 

a working solar punp 

of the field- 

Size 

at a reasonable cost 

« 







Length of the putr^ cylindre and the pipe attcKhed 
to Its lower end in cms > 

FIG.47 TEMPERATURE DISTRIBUTION On THE PUMP 
CYLINDER AND ITS LOWER PIPE 
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Based upon tlae experience gained in developing and 
testing the model, there seenato he many shortcomings 
which need improvement modifications and alterations in 
the following directions; 

1. The centrifugal feed pump used in the present work 
may he replaced hy a small positive displacement 
pump such as gear piuap and vane pump. 

2. In accumulator must he used in hetwoen the solar 
pump and the concentrator receiver pipe to store the 
vapours. This will reduce the pressure fluctuations 
inside the receiver pipe when the solar pump is in 
operation. 

3. iSie water lifted hy the solar pump must he passed 
throu^ the condenser to work as cooling water for 
the condenser. This will eliminate the need of 
cooling water circulation pump. 

4. The suitable working fluids for different discharge 
and suction heads nay he selected to give the best 
performance for a particular discharge or suction 
head. 

5. The liquid piston may he replaced hy a solid piston. 
This will eliminate the possibility of mixing of 
liquid piston in the fluid being lifted and thus 
getting discharged throu^ the delivery pipe. 

6. The inlet and outlet valves for working fluid vapours 
to the solar pump cylinder may he replaced hy the 
automatic valves which could he operated hy pressure 
difference available between the evaporator and the 
condenser. 
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APPElfDIX - A 

ANGIE OP PILT OP SPAPIONARY CONCBNPRAPOR 


The tilt angle of the stationary concentrator is to 
he periodically adjusted according to the variation of 
the apparent position of the ecliptic plane of the sun 
during the year which causes a variation in the East- 
West vertical argle. The East-West vertical angle, E¥¥, 
defined below, is the primary factor in designing 
stationary concentrator and for computing the periodicity 
of its adjustment. 

The Bast-West vertical angle, BWV, is defined as the 
angle of the sun's mys projected on a vertical N-S plane 
and is given by the relation: 

tan EWV = tan p tan Z (A-l) 

Where, 

P = altitude angle 

Z = azimuth angle 

The Bast-West vertical shift angle, V, is the shift 
in the EWV angle from the equinox position and can be 
computed from the following equation [15]: 

tan Y = tan d tan h (A-2) 

Where, 

d = declination of the sun 

h = hour angle. 
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If the value V, for + h. hours, calculated from this 
relation exceeds the total acceptance angle of the 
concentrator (10° in the present design) , then the tilt 
of the concentrator is changed. 


THE MGIB OE TILT (a) 

Angle that the optic axis of the concentrator makes 
with the vertical, called the angle of tilt of the 
concentrator, can he computed the relation: 

Tilt angle = declination of the sun + latitude 
of the place + half acceptance 
angle, 

X « o • 

a = d + L + 

» 

However, near the equinoxes, the tilt of the 
concentrator may he kept equal to the latitude for 
symetric concentration. This can he visualized because 
the East-West vertical shift tends to zero during this 
period. 

The adjustment of the tilt angle is required when 
the value of V exceeds the total acceptance angle (20 ^^^ ) 

for the specifi-ed +.hhour of ddsired collection period. 

It is done by making use of equation A-5. 



